WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PC?j) 



(51) International Patent Classification 6 : 
C08J 9/14, 9/12 



Al 



(11) International Publication Number: WO 99/31170 

(43) International Publication Date: 24 June 1999 (24.06.99) 



(21) International Application Number: PCT/US98/26322 

(22) International Filing Date: 1 1 December 1998 (1 1 .12.98) 



(30) Priority Data: 

60/069,983 



18 December 1997 (18,12.97) US 



(71) Applicant (for alt designated States except US): THE DOW 

CHEMICAL COMPANY [US/US]; 2030 Dow Center, Mid- 
land, MI 48674 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): CHAUDHARY, Bharat, 
I. [IN/US]; 3419 Woodbine Place, Peariand, TX 77584 
(US). SUH, Kyung, W. [US/US]; 6204 Evergreen Court, 
Midland, MI 48642 (US), PAQUET, Andrew, N. [US/US]; 
3542 Midland Road, Saginaw, MI 48603 (US). 

(74) Agent; ROBERTS, John, H,; Patent Dept., P.O. Box 1967, 
• Midland, MI 48641-1967 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN } CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, GM, HR, HU, ID, IL, IN, IS, IP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, 
MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZW, 
ARIPO patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, 
BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, 
TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: FOAMS COMPRISING HFC-134 AND A LOW SOLUBILITY CO-BLOWING AGENT AND A PROCESS FOR MAKING 
(57) Abstract 

Disclosed is an extruded, dimensionally stable, closed cell alkenyl aromatic polymer foam. The foam comprises an alkenyl aromatic 
polymer material greater than 50 percent by weight of alkenyl aromatic monomeric units. The foam has a density of about 16 to about 
64 kilograms per cubic meter. The foam has a thickness in cross section of 15 millimeters or more. The foam has a blowing agent 
composition comprising a primary blowing agent of about 70 to about 95 weight percent 1,1 ,2,2-tetrafluoroethane and a secondary blowing 
agent comprising about 30 to about 5 weight percent based upon the total moles of the blowing agent composition. The secondary blowing 
agent being selected from the group consisting essentially of 1,1,1,2-tetrafluoroethane, carbon dioxide, nitrogen, argon, and water. Further 
disclosed is a process for making the foam. 



3NSDOCID: <WO 9931 170A1_I_> 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCX on the front pages of pamphlets publishing international applications under the PCT. 



AL . Albania 

AM Armenia 

AT Austria 

AH Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI Cote d'lvoire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia 



ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


FI 


Finland 


LT 


" Lithuania 


SK 


Slovakia 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


GE 


Georgia - 


MD 


Republic of Moldova 


TG 


Togo 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


IS 


. Iceland 


MW 


' Malawi 


US 


United States of America 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


JP 


Japan 


NE 


Niger 


VN . 


Viet Nam 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


KP 


Democratic People's 


NZ 


New Zealand 








Republic of Korea 


PL 


Poland 






KR 


Republic of Korea 


PT 


Portugal 






KZ 


Kazakstan 


RO 


Romania 






LC 


Saint Lucia 


RU 


Russian Federation 






LI 


Liechtenstein 


SD 


Sudan 






LK 


Sri Lanka 


SE 


Sweden 






LR 


Liberia 


SG 


Singapore 







BNSDOCID: <iWO 993117QA.1 I > 



WO 99/31170 



PCT/US98/26322 



FOAMS COMPRISING HFC-134 AND A LOW SOLUBILITY CO-BLOWING AGENT AND A ' 

PROCESS FOR MAKING 

Background of the Invention 

The invention relates to extruded alkenyl aromatic polymer foams comprising a blend 
of 1 t 1 ,2,2-tetrafluoroethane (HFC 134) and a low solubility co-biowing agent and a process 
for making. 

Due to increasingly stringent environmental regulations, manufacturers of alkenyl 
aromatic polymer insulating foams are considering f luorocarbons as potential insulating cell 
gas agents (blowing agents). One such agent is HFC 134. 

HFC 1 34 is known in the art as a blowing agent for making alkenyl aromatic polymer 
foams, HFC 134 is disclosed in Canadian Patent 1,086,450; Japanese Published 
Application 5-287111; and U.S. Patent Nos. 5,278,196 and 5 r 1 82,040. 

When selecting a blowing agent for insulating alkenyl aromatic polymer foams, the 
amount of insulating blowing agent must be high enough to provide adequate insulating 
performance but not high enough to result in undesirable physical properties in the foam 
product, . 

A problem with using HFC 134 as a blowing agent is that at levels required to 
maintain desirable foam insulating performance (i.e. about 70 weight percent or more based 
upon the total moles of blowing agent), poor dimensional stability is observed when 
producing closed cell alkenyl aromatic polymer foams of low density (Le. about 16 to about 
64 kilograms per cubic meter) $nd thick cross-section (i.e. about 15 millimeters or more). 

The prior art does not effectively address the dimensional stability problem 
associated with use of high levels of HFC 134 in blowing agents when making closed cell 
alkenyl aromatic polymer foams of low density and thick cross-section. 

Canadian Patent No, 1 ,086,450 relates extruded alkenyl aromatic polymer foams 
made with 30 to 70 weight percent of a low permeability blowing agent such as HFC 134 and 
a high permeability co-blowing agent such as flourochloromethane, methyl chloride, ethyl 
chloride, chlorodifluoromethane, and 1,1-difluoroethane, The Canadian patent avoids the 
above problem when it employs significantly lower levels of HFC 134. The disclosed co- 
blowing agents are very soluble in alkenyl aromatic polymers and negatively impact foam 
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dimensional stability when employed with HFC 134 in blowing agent compositions 
comprising about 70 weight percent or more of HFC 134. 

Japan Published Application 5-2871 1 1 relates extruded polystyrene foams made with 
a blowing agent of HFC 134 and 2-chloro-1 ,1 ,1,2-tetraflourpethane.(HCFC 124) in an 80/20 
5 ratio by weight Although the dimensional stability of the disclosed foams is not described, 
use of such blowing agents would resuft in dimensionally unstable foams due to the high 
solubility of HCFC 124 in polystyrene and its slow permeation rate through polystyrene 
foams. 

U.S. Patent No. 5,182,040 relates azeotropic and near-azeotropic compositions 
10 described as useful as blowing agents in polymer foams among other uses. The 
compositions comprise HFC 134 and a co-blowing agent selected from among 1,1- 
difluoroethene (HFC 152a); 1-chloro-1 f 1-difluoroethane (HCFC 142b); dimethyl ether (DME); 
1,1,1,2,3,3,3,-heptafluoropropane (HFC 227ea); perfiuorocyciobutane (HFC 318); n-butane; 
or isobutane. A specific foam embodiment of a polystyrene foam blown with a composition 
is of 60-99 weight percent HFC 134 and 1-40 weight percent DME of certain physical 
properties (claim 1), Although the dimensional stability, of any possible foams is not 
described, use of such co-blowing agents with about 70 weight percent or more HFC 134 
would result in dimensionally unstable foams due to their high solubility in polystyrene and, in 
the case of some of the co-blowing agents, their slow permeation rate through polystyrene 
20 foams. Further, DME is very flammable. 

U.S. Patent No. 5,278,196 relates plastic foams blown with a composition of 
1,t,1,2,3,3,3-heptafluoropropane (HFC 227ea) and HFC 134 (claim 7). The reference does 
not describe a dimensionally stable, low density, extruded polystyrene foam blown with a 
composition comprising about 70 weight percent or more of HFC 134. 

25 It was found surprising that a dimensionally stable, low density, extruded alkenyl 

aromatic polymer foam of low density and thick cross-section could be produced with a 
blowing agent formulation comprising about 70 weight percent or more of HFC 134a, 

Summary of the Invention 

According to the present invention, there i&an extruded, dimensionally stable, closed 
3 0 cell alkenyl aromatic polymer foam, The foam comprises an alkenyl aromatic polymer 

material greater than 50 percent by weight of alkenyl aromatic monomeric units. The foam 
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has a density of about 16 to about 64 kilograms per cubic meter. The foam has a thickness 
in cross-section of 15 millimeters or more/ The foam has a blowing agent composition 
comprising a primary btowing agent of about 70 to about 95 weight percent 1,1 ,2,2- 
tetrafluoroethane and a secondary blowing agent comprising about 30 to about 5 weight 
percent based upon the total moles of the blowing agent composition. Useful secondary 
blowfng agent may have a vapor pressure of about 100 psia or more at 25 degrees Celsius. 
Useful secondary blowing agents having such a vapor pressure level include 1 ,1 ,1 ,2- 
tetrafiuoroethane, carbon dioxide, nitrogen, helium, and argon. A useful secondary blowing 
agent not having such a vapor pressure ievei is water. The foam exhibits excellent 
dimensional stability. 

According to the present invention, there is a process for making foam described 
above. The process comprises a) heating a alkenyl aromatic polymer material comprising 
greater than 50 percent by weight alkenyl aromatic monomeric units to form a melt polymer 
material; b) incorporating into the melt polymer material at an elevated pressure the blowing 
agent composition described above; c) the foamable gel being cooled to an desired foaming 
temperature; and d) extruding the foamable gel through a die into a zone of reduced 
pressure to form the foam. 

Detailed Description 

The present invention addresses the dimensional stability problem associated with 
use of high levels of HFC 134 in blowing agents when making closed ceil alkenyl aromatic 
polymer foams of low density and thick cross-section. A secondary blowing agent is 
selected which has a low solubility in alkenyl aromatic polymers, especially polystyrene. The 
secondary blowing agent does not significantly plasticize the polymer matrix and render the 
foam susceptible to excessive expansion or contraction (collapse). Some useful secondary 
blowing agents have the additional desirable feature of permeating rapidly out of the foam. 
Rapid permeation out of the foam promotes dimensional stability in that it balances the 
permeation of air into the foam. The Internal cell gas pressure within the foam is more likely 
to remain stable or relatively stable over the long service life of the insulating foam. 
Maintenance of a relatively stable internal cell gas pressure makes expansion or contraction 
of the foam less likely. 

Most useful secondary blowing agents have a vapor pressure of about 100 psia or 
more at 25 degress Celsius. Since solubility of a blowing agent in a substrate polymer is 
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difficult to measure precisely, vapor pressure was chosen as a physical property to 
characterize the blowing agent. Vapor pressure corresponds approximately to solubility 
since blowing agents which have high vapor pressures usually have low solubility in 
substrate polymers; conversely, blowing agents which have low vapor pressures usually 
5 have high solubility in substrate polymers. Useful secondary blowing agents will be 
employed at a level of at least about 5 weight percent based upon the total moles of the 
blowing agent composition. A useful secondary blowing agent which does not exhibit such a 
vapor pressure level is water* 

Particularly useful secondary blowing agents include 1 ,1 ,1 ,2-tetrafluoroethane, 
10 carbon dioxide, nitrogen, helium, argon, water, and mixtures of the foregoing. 

Particularly useful blowing agent combinations include HFC 134/HFC 134a and HFC 
1 34/carbon dioxide. 

The blowing agent composition may comprise other blowing agents useful in minor 
proportions as long as HFC 1 34 comprises at least about 70 weight percent and the 

is secondary blowing agent comprises at least about 5 weight percent based upon the total 
moles of the blowing agent composition. Other blowing agents include physical blowing 
agents and chemical blowing agents. Useful physical blowing agents include aliphatic 
hydrocarbons having 1-9 carbon atoms, aliphatic alcohols having 1-3 carbon atoms, and fully 
and partially halogenated aliphatic hydrocarbons having 1-4 carbon atoms. Aliphatic 

20 hydrocarbons include methane, ethane, propane, n-butane, isobutane, n-pentane, 

isopentane, neopentane, and the like. Aliphatic alcohols include methanol, ethanot, n- 
propanol, and isopropanol. Fully and partially halogenated aliphatic hydrocarbons include 
fiuorocarbons, chlorocarbons, and chlorofiuorocarbons. Examples of fluorocarbons include 
methyl fluoride, perfluoromethane, ethyl fluoride, 1,1-difiuoroethane (HFC-152a), 1.1.1- 

25 trifluoroethane (HFC-143a), 1 ,1 ,1 ,2-tetrafluoroethane (HFC-1 34a), pentafluoroethane, 
difluoromethane, perfluoroethane, 2,2-diftuoropropane, 1,1,1-trifluoropropane, 
perfluoropropane, dichloropropane, difluoropropane, perfluorobutane, perfluorocyclobutane. 
Partially halogenated chlorocarbons and chlorofiuorocarbons include methyl chloride, 
methylene chloride, ethyl chloride, 1,1,1-trichloroethane, 1,1-dichioro-l-fluoroethane (HCFC- 

30 141b), 1-chloro-1 ,1-dif!uoroethane (HCFC-142b) r chlorodifluoromethane (HCFC-22), 
I^Adichioro^^^-trifluoroethane (HCFC-123) and 1Achloro-1,2,2 r 2-tetrafIuoroethane 
(HCFC-124). Fully halogenated chlorofiuorocarbons include trichioromonofluoromethane 
(CFC-1 1), dichiorodifluoromethane (CFC-12), trichlorotriftuoroethane (CFC-113), 
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1,1 ,1 Atrifluoroethane, pentafluoroethane, dichlorotetrafluoroethane (CFC-1 14), 
chloroheptafiuoropropane, and dichlorohexafluoropropane. Chemical blowing agents include 
azodicarbonamide, azodiisobutyro-nitrile, benzenesulfonhydrazide, 4,4A oxybenzene 
sulfonyi-semicarbazide, p-toluene sulfonyl semi-carbazide, barium azodicarboxylate, 
N^^dimethyl-N.N'-dinitrosoterephthalamide, and trihydrazino triazine. 

The amount of blowing agent incorporated into the polymer melt material to make a 
foam-forming polymer gel is from about 0.2 to about 5.0 gram-moles per kilogram of 
polymer, preferably from about 0,5 to about 3,0 gram-moles per kilogram of poiymer, and 
most preferably from about 1 .0 to 2,50 gram-motes per kilogram of polymer. 

The present foam has a density of from about 16 to about 64 and most preferably 
from about 25 to about 48 kilograms per cubic meter according to ASTM D-1 622-88. The 
foam has an average cell size of from about 0.1 to about 0.5 and preferably from about 0.2 
to about 0.4 millimeters according to ASTM D3576-77* 

The present foam is particularly suited to be formed into a plank, desirably one 
having a cross-sectional area of about 30ysquare centimeters or more and a minor 
dimension in cross-section (thickness) of about 15 millimeters or more. 

The present foam is closed cell. Preferably, the present foam is greater than 90 
percent closed-cell according to ASTM D2856-87. 

The present foam has excellent dimensional stability. The foam exhibits dimensional 
change in any direction of about four (4) percent or less according to ASTM D2126/C578. 

The present foam comprises an alkenyl aromatic polymer material. Suitable alkenyl 
aromatic polymer materials include alkenyl aromatic homopofymers and copolymers of 
alkenyl aromatic compounds and copolymerizable ethylenicalfy unsaturated comonomers. 
The alkenyl aromatic polymer material may further include minor proportions of non-alkenyl 
aromatic polymers. The alkenyl aromatic polymer material may be comprised solely of one 
or more aikenyi aromatic homopolymers, one or more alkenyl aromatic copolymers, a blend 
of one or more of each of alkenyl aromatic homopolymers and copolymers, or blends of any 
of the foregoing with a non-alkenyl aromatic poiymer. Regardless of composition, the 
alkenyl aromatic polymer material comprises greater than 50 and preferably about 70 weight 
percent or more alkenyl aromatic monomelic units. Most preferably, the alkenyl aromatic 
polymer material is comprised entirely of alkenyl aromatic monomeric units. 

5 
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Suitable alkenyi aromatic polymers include those derived from alkenyl aromatic 
compounds such as styrene, aiphamethylstyrene, ethylstyrene, vinyl benzene, vinyl toluene, 
chlorostyrene, and bromostyrene. A preferred afkenyl aromatic polymer is polystyrene. 
Minor amounts of monoethylenically unsaturated compounds such as C2-6 alkyl acids and 
5 esters, ionomeric derivatives, and C4-6 dienes may be copolymerized with afkenyl aromatic 
compounds. Examples of copolymerizable compounds include acrylic acid, methacrylic 
acid, ethacrytic acid, maleic acid, itaconic acid, acrylohitriie, maleic anhydride, methyl 
acrylate, ethyi acrylate, isobutyl acrylate, n-butyl acrylate, methyl methacrylate, vinyl acetate 
and butadiene. Preferred structures comprise substantially (i.e., greater than 90 percent by 
10 weight and more preferably greater than 95 percent by weight) and most preferably entirely 
of polystyrene. 

The present alkenyl aromatic polymer foam is generally prepared by heating an 
alkenyi aromatic polymer materia! to form a piasticized or melt polymer material, 
incorporating therein a blowing agent to form a foamabte gel, and extruding the gel through a 

is die to form the foam product, Prior to mixing with the blowing agent, the polymer material is 
heated to a temperature at or above its glass transition temperature or meiting point. The 
blowing agent may be incorporated or mixed into the melt polymer material by any means 
known in the art such as with an extruder, mixer, blender, or the like. The blowing agent is 
mixed with the melt polymer material at an elevated pressure sufficient to prevent substantial 

2 o expansion of the melt polymer material and to generally disperse the blowing agent 

homogeneously therein. Optionally, a nucfeator may be blended in the polymer melt or dry 
blended with the polymer material prior to plasticizing or meiting. The foamabie gel is 
typically cooled to a lower temperature to optimize physical characteristics of the foam 
structure. The gel may be cooled in the extruder or other mixing device or in separate 

25 coolers. The gel Is then extruded or conveyed through a die of desired shape to a zone of 
reduced or lower pressure to form the foam structure. The zone of lower pressure is at a 
pressure lower than that in which the foamabie gel is maintained prior to extrusion through 
the die. The lower pressure may be superatmospheric or subatmospheric (vacuum), but is 
preferably at an atmospheric level, 

30 In addition, a nucleating agent may be added in order to control the size of foam 

cells. Preferred nucleating agents include inorganic substances such as calcium carbonate, 
talc, clay, titanium dioxide, silica, barium stearate, diatomaceous earth, mixtures of citric acid 
and sodium bicarbonate, and the like. The amount of nucleating agent employed may range 

6 
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from about 0,01 to about 5 parts by weight per hundred parts by weight of a polymer resin. 
The preferred range is from 0,1 to about 3 parts by weight. 

Various additives may be incorporated in the present foam structure such as 
inorganic fillers, pigments, antioxidants, acid scavengers, ultraviolet absorbers, flame 
5 retardants, processing aids, extrusion aids, and the like. 

An infrared attenuating agent such as carbon black, titanium dioxide, or graphite may 
be added to the polymer melt or foamable gel during manufacture to yield an end product 
foam of low thermal conductivity. Loadings typically vary from about 2 to about 10 percent 
by weight based upon the weight of the alkenyl aromatic polymer material, 

io While embodiments of the foam composition and the process of the present invention 

have been shown with regard to specific details, it will be appreciated that depending upon 
the manufacturing process and the manufacturer's desires, the present invention may be 
modified by various changes while still being fairly within the scope of the novel teachings 
and principles herein set forth. 
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WHAT IS CLAIMED IS: 

1 . An extruded, dimenstonaliy stable, dosed cell alkenyl aromatic polymer foam, 
comprising: an alkenyl aromatic polymer material comprising greater than 50 percent by 
weight of alkenyl aromatic monomeric units, the foam having a density of about 16 to about 

5 64 kilograms per cubic meter, the foam having a thickness in cross-section of 15 millimeters 
or more, the foam haying a blowing agent composition comprising a primary blowing agent 
of about 70 to about 95 weight percent 1 ,1 ,2,2-tetrafluoroethane and a secondary blowing 
agent comprising about 30 to about 5 weight percent based upon the total moles of the 
blowing agent composition, the secondary blowing agent being selected from the group 
10 consisting essentially of 1,1,1 ,2-tetrafluoroethane, carbon dioxide, nitrogen, argon, and 
water. 

2. The foam of Claim 1 , wherein the secondary blowing agent is 1 ,1 ,1 ,2- 
tetrafluoroethane. 

3. The foam of Claim 1 , wherein the secondary blowing agent is carbon dioxide, 
is 4. The foam of Claim 1 , wherein the secondary blowing agent is nitrogen. 

5. The foam of Claim 1 » wherein the secondary blowing agent is argon. 

6. The foam of Claim 1 , wherein the secondary blowing agent is water. 

7. The foam of Claim 1 , wherein the secondary blowing agent is has a vapor 
pressure of 100 psia or more at 25 degrees Celsius. 

20 8. A process for making an extruded, dimensionally stable, closed cell alkenyl 

aromatic polymer foam structure, the foam having a density of about 16 to about 64 
kilograms per cubic meter, the foam having a thickness in cross-section of 15 millimeters or 
more, comprising: 

a) heating a alkenyl aromatic polymer material comprising 50 percent or more by 
25 weight alkenyl aromatic monomeric units to form a melt polymer material; 

b) incorporating into the melt polymer material at an elevated pressure a blowing 
agent composition comprising a primary blowing agent of about 70 to about 95 weight 
percent 1 ,1,2,2-tetrafluoroethane and a secondary blowing agent being selected from the 
group consisting essentially of 1 ,1 ,1 ,2-tetrafluoroethane, carbon dioxide, nitrogen, argon, 

3 o and water; 

8 
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c) the foamable gel being cooled to a desired foaming temperature; and 

d) extruding the foamable gel through a die into a zone of reduced pressure to form 
the foam. 

9. The process of Claim 8, wherein the secondary blowing agent is 1,1 .1,2- 
tetrafluoroethane. 

10. The process of Claim 8, wherein the secondary blowing agent is carbon dioxide. 

11. The process of Claim 8, wherein the secondary blowing agent is nitrogen. 

12. The process of Claim 8, wherein the secondary blowing agent is argon, 

13. The process of Claim 8 r wherein the secondary blowing agent is water. 

14. The process of Claim 8, wherein the secondary blowing agent is has a vapor 
pressure of 100 psia or more at 25 degrees Celsius. 
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